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© Film-forming resin and hair dressing composition containing the same. 



® A film-forming resin which is a copolymer comprising specific monomers and a hair dressing composition 

^containing the film-forming resin are disclosed. This film-forming resin is highly compatible in LPG and thus 

^useful in the replacement of conventionally employed Freon gas by LPG. The hair dressing composition shows 

M ^ excellent effects including a good set-retention. 
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FILM-FORMING RESIN AND HAIR DRESSING COMPOSITION CONTAINING THE SAME 

FIELD OF THE INVENTION 



This invention relates to a film-forming resin and a hair dressing composition containing the same. 

5 

BACKGROUND OF THE INVENTION 



70 Film-forming resins have been added to hair dressing composition such as hair spray and set lotion in 
order to impart various effects including setting and set-retention to these products. Examples of commonly 
employed film-forming resins include polyvinyl pyrrolidone, polyvinyl pyrrolidone/vinyl acetate copolymer 
and vinyl acetate/crotonic acid copolymer. 

A film-forming resin conventionally contained in a hair dressing composition would show a certain 

75 degree of set-retention under commonly employed conditions. Under highly humid condition, however, the 
adhesiveness and fluidity thereof would be increased by moisture absorption, which makes it impossible to 
effectively retain a hair set. On the other hand, a hair dressing composition should be readily washed away 
with the use of a shampoo. That is to say. a film-forming resin to be added to a hair dressing composition 
should have a high solubility in water as well as a low hygroscopicity. It is difficult to simultaneously satisfy 

20 these conflicting requirements. Thus it is frequently observed to give up to achieve a high solubility of a 
film-forming resin in water and employ other solvent or a mixture of solvents. 

Freon ^as. which has been widely used as a propeliants hitherto in various aerosol compositions, is an 
ideal propeliants from the viewpoints of chemical stability, combustibility and toxicity. Recently, however it 
has been pointed out that Freon gas might cause an environmental problem, namely, the breakage of the 

25 ozone layer. Therefore a tendency to replace Freon gas with incompletely halogenated ones or propeliants 
free from any halogen atom is seen lately. Examples of such propeliants include hydrocarbons (LPG) such 
as propane, butane, isobutane and mixtures thereof. However a film-forming resin generally shows a lower 
solubility in LPG than in Freon gas. When the propellant in a conventional aerosol composition is simply 
replaced with LPG, therefore, the film-forming resin in the aerosol composition would be precipitated and 

30 thus the product cannot be used any longer. Accordingly it is required to use a larger amount of a solvent 
such as ethanol or isopropyl alcohol in a spray in order to fully dissolve the film-forming resin in the LPG. 
When sprayed, the hair dressing composition product thus obtained forms a thick and heavy mist, which 
makes it difficult to give a beautiful hair set. 

Furthermore, some setting products such as hair spray make the hair coarse or rough after drying. 

35 Further there are some additional problems such that the resin film thus formed on the surface of the 
hair peels off when brushed, namely, so-called flaking, and that the gloss of the hair is deteriorated. 

SUMMARY OF THE INVENTION 

40 

Under these circumstances, we have conducted extensive studies. As a result, we have found out that 
the above-mentioned problem can be solved by using a specific copolymer as a film-forming resin, thus 
completing the present invention. 
45 Accordingly, the present invention provides a film-forming resin which is a copolymer comprising the 
following monomers (a) to (d): 

(a) 30 to 80 % by weight of a (meth)acrylamide monomer represented by the following formula (I): 
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CH 2 =(/ R 2 (I) ^ a 

C-l/ 

1 ^ 3 

O R 3 

wherein R 1 represents a hydrogen atom or a methyl group; and 

R 2 and R 3 may be either the same or different from each other and each represents a hydrogen atom or an 
alkyl group having 4 to 12 carbon atoms, or R 2 and R 3 form a ring together with the adjacent nitrogen atom; 
which will be called the monomer (I) hereinafter; 

(b) 5 to 45 % by weight of a (meth)acrylate monomer represented by the following formula (II): 

R 1 

/ 

C-O-R* 
I 

O 

wherein R 1 is as defined above; and 

R* represents an alkyl group having 1 to 4 carbon atoms; 

which will be called the monomer (II) hereinafter; 

(c) 2 to 30 % by weight of a (meth)acrylate monomer and/or a (meth)acrylamide monomer having a 
tertiary amino group, represented by the following formula (III): 

R l 

/ 

CH 2 =C R « 

\ . / (HI) 

C-(-0 ) a ( NH ) i . , R 5 -H 

0 V 



wherein R 1 is as defined above; 

R s represents an alkylene group having 2 or 3 carbon atoms; 

R 6 and R 7 may be either the same or different from each other and each represents a methyl or an ethyl 
group; and 
45 a is an integer of 0 or 1 ; 

which will be called the monomer (HI) hereinafter; and 

(d) 0 to 30 % by weight of a (meth)acrylate monomer represented by the following formula (IV): 



R 1 



55 



CH 2 =(/ . 

\ - (IV) 

C-f-OR 8 -H (-OR'-^ OR 10 

I 

o 



wherein R 1 is as defined above; 
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R 8 and R 9 are different from each other and each represents an alkylene group having 2 to 4 carbon atoms; 
R 10 represents a hydrogen atom or a methyl group; and b and c are each an integer of 0 to 50. provided 
that b and c are not 0 at the same time; 
which will be called the monomer (IV) hereinafter; 
5 and a hair dressing composition containing the above film-forming rein. 



BRIEF DESCRIPTION OF THE DRAWING 

70 

Fig. 1 shows curl-retention ratios of the products of the present invention and a marketed hair spray 
under highly humid conditions. 

DETAILED DESCRIPTION OF THE INVENTION 

75 

Examples of the monomer (I) to be used in the production of the film-forming resin of the present 
invention include (meth)acrylamide (the term "(meth)acryl-" as used herein means "acryl- or methacryl-"), 
N-n-butyl(meth)acrylamide. N-t-butyl(meth)acrylamide, N-octyl(rneth)acrylamide. N-lauryl(meth)acrylamide 
20 and (meth)acryloylmorpholine. Among these materials. N-butyl(meth)acrylamide, N-octyl(meth)acrylamide 
and N-lauryl(meth)acrylamide are particularly preferable. Either one of these materials or a mixture thereof 
can be used in an amount of 30 to 80 % by weight, preferably 40 to 70 % by weight, of the total 
monomers. 

Examples of the monomer (II) include methyl (meth)acrylate. ethyl (meth)acrylate, propyl (meth)acrylate 
25 and butyl (meth)acrylate. Among these materials, methyl (meth)acrylate, ethyl (meth)acrylate and butyl 
(meth)acrytate are preferable, and ethyl (meth)acrylate is more preferable. Either one of these materials or a 
mixture thereof can be used in an amount of 5 to 45 % by weight, preferably 10 to 40 % by weight, of the 
total monomers. 

Examples of the monomer (III) include N,N-dimethylaminoethyl (meth)acrylate. N,N-diethylaminoethyl 
so (meth)acrylate, N f N-dimethylaminopropyl (meth)acrylate and N,N-dimethylaminopropyl(meth)acrylamide. 
Among these materials. N t N-dimethylaminoethyl (meth)acrylate, N,N-diethylaminoethyl (meth)acrylate and 
N,N-dimethylaminopropyl(meth)acrylamide are preferable, and N.N-dimethylaminoethyl (meth)acrylate is 
more preferable. Either one of these materials or a mixture thereof can be used in an amount of 2 to 30 % 
by weight, preferably 5 to 15 % by weight, of the total monomers. 
35 Examples of the monomer (IV) include hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate. 

polyethylene glycol mono(meth)acrylate, polypropylene glycol mono(meth)acrylate, methoxypolyethylene 
glycol mono(meth)acrylate and methoxypolypropylene glycol (meth)acrylate. Among these materials, poly- 
ethylene glycol mono(meth}acrylate and methoxypolypropylene glycol mono(meth)acrylate are preferable, 
and methoxypropylene glycol mono(meth)acrylate is more preferable. Either one of these materials or a 
40 mixture thereof can be used in an amount of 0 to 30 % by weight preferably 5 to 15 % by weight, of the 
total monomers. 

The film-forming resin of the present invention may be produced by combining the above-mentioned 
monomers and copolymerizing them in the presence of a radical polymerization initiator by a known 
polymerization technique such as bulk polymerization, solution polymerization, suspension polymerization or 

45 emulsion polymerization. Among these methods, solution polymerization is advantageous in particular. In 
the solution polymerization, a water-miscible organic solvent or a water-mixture thereof is preferably 
employed. Either one of such an organic solvent or a mixture thereof may be used. Examples of the water- 
miscible organic solvent include aliphatic alcohols haying 1 to 3 carbon atoms such as methanol, ethanol 
and propanol; ketones such as acetone and methyl ethyl ketone; and ethers such as tetrahydrofuran, glyme. 

so diglyme and dioxane. In particular, methanol, ethanol, acetone and water-mixtures thereof are preferable. 

Appropriate examples of the radical polymerization initiator to be used in the present invention include 
azo compounds such as 2.2'-azobisisobutylonitrile f 2,2'-azobis(2,4-dimethylvaleronitrile) (hereinafter referred 
to as n V-65"), 2,2'-azobis(4-methoxy-2.4- dimethylvaleronitrile), dimethyl-2,2'-azobisisobutylate.2,2'-azobis- 
(2-methylbutylonitrile)and 1,l'-azobis(1-cyclohexanecarbonitrile). Further, organic peroxides such as t-butyl 

55 peroctate. dicumyl peroxide, di-t-butyl peroxide and dibenzoyl peroxide may be used therefor. In this case, 
however, it is difficult to control the reaction conditions, since such a an organic peroxide might undergo a 
redox reaction with the tertiary amino group of the monomer (III). Therefore, the reaction should be 
conducted, for example, at a temperature lower than 40 * C. Thus it is not preferable from an industrial 

4 
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viewpoint to use these organic peroxides as the radical polymerization initiator. The radical polymerization 
initiator may be preferably used in an amount of from 0.001 to 2.0 % by mol. more preferably from 0.01 to 
1.0 % by mol, of the monomer mixture. 

The polymerization may be conducted by feeding alt of the monomer mixture and the radical 
s polymerization initiator and then heating the reaction mixture. Alternately, each- monomer and/or the radical 
polymerization initiator can be optionally added dropwise or by portionwise so as to carry out the 
polymerization. 

The polymerization temperature may be appropriately determined depending on the employed radical 
polymerization initiator, monomers and solvent. Generally speaking, it may range from 30 to 100 C, 

to preferably from 50 to 90 " C. The copolymerization may be conducted under an inert gas atmosphere such 
as a nitrogen atmosphere, as commonly effected in the art. Details of the production of the copolymer of 
the present invention is further described, for example, in British Patent GB 1,407,659. 

After the completion of the polymerization stage, the resulting copolymer may be isolated from the 
reaction mixture by a conventional method such as reprecipitation or solvent distillation. Further, the 

75 unreacted monomers can be removed from the obtained copolymer by a conventional method, for example, 
repeating reprecipitation, membrane-separation, chromatography or extraction. The weight-average molecu- 
lar weight of the copolymer thus obtained, which is determined by gel filtration chromatography and 
expressed in terms of polystyrene, can be controlled within a range of from 1,000 to 1,000,000 by 
appropriately selecting the polymerization conditions. In order to achieve the object of the present invention, 

20 the copolymer product having a weight-average molecular weight of from 100,000 to 500,000, preferably 
from 20,000 to 200,000, is employed. 

The tertiary amino group of the copolymer thus obtained may be neutralized with an inorganic or 
organic acid to make the copolymer soluble in water. In this case, it is preferable to neutralize 50% or more 
of the total tertiary amino groups. Examples of the inorganic acid include hydrochloric acid, sulfuric acid 

25 and phosphoric acid, and examples of the organic acid include acetic acid, glycolic acid, lactic acid, 
dimethylolpropionic acid, tartaric acid, citric acid, maleic acid and malic acid. 

Examples of the hair dressing composition, which is one embodiment of the present invention include a 
hair spray, a set foam, a set lotion, a jell, a shampoo or a rinse, and it can be in the form of, for example, an 
aqueous solution, an aqueous alcoholic solution, an emulsion, a cream or a gel. These hair dressing 

30 compositions can be roughly classified into those containing a propellant such as hair spray or set form, 
and those free from any propellant such as set lotion, hair set jell, shampoo or rinse. The hair dressing 
composition of the present invention is preferably the former type, namely, containing a propellant. 

A hair dressing composition containing a propellant may preferably contain 0.01 to 15 % by weight, 
more preferably 2 to 6 % by weight, of the film-forming resin of the present invention, 50 to 99.8 % by 

35 weight of solvent(s) selected from among lower alcohols such as ethanol, polyols and water and 0.1 to 20 
% by weight of oil(s) selected from among hydrocarbons, ester oils, silicone and its derivatives and natural 
fats and oils. In addition, 0.5 to 3.0 % by weight of texture improver(s) selected from among higher 
alcohols, myristic acid, octyldodecyl, glycerol, polyethylene glycol and polyoxyethylene hexadecyl ether 
and 0.1 to 3.0 % by weight of film-forming aid(s) such as alkylene oxide-added alkyl ethers such as 

40 polyoxyethylene stearyl ether or cattonic polymers such as cationic cellulose can be contained in the hair 
dressing composition of the present invention. 

As the propellant, either pure LPG, Pure Freon gas, pure dimethyl ether (DME), a mixture of LPG and 
Freon and a mixture of DME and Freon gas can be employed. It is particularly preferable to use the film- 
* forming resin of the present invention together with a propellant comprising 50 to 100 % of LPG. The ratio 

45 of the stock solution to the propellant is within the range of from 5/95 to 70/30. preferably from 20/80 to 
50/50. 

When the hair dressing composition of the present invention is to be formulated into a gel, for example, 
a hair set jell, the hair dressing composition preferably comprises 0.5 to 10.0 % by weight, more preferably 
1.0 to 3.0 % by weight, of the film-forming resin, 0.5 to 2.0 % by weight of a thickener selected from 
so among, for example, water-soluble polymers such as polyacrylate or hydroxyethylcellulose and a solvent 
comprising purified water optionally together with a lower alcohol. 

In the case of a shampoo or a rinse, the film-forming resin of the present invention can be used in an 
amount of 0.1 to 5.0 % by weight, preferably 0.5 to 2.0 % by weight. 

In addition, these hair dressing composition may further contain various additives conventionally 
55 employed in the art, for example, active ingredients such as preservatives, UV absorbers, metallic ion 
sequestering agents and anti-dandruff agents, colorants and perfumes, if required. 

The film-forming resin of the present invention, which is highly compatible in LPG, is available in the 
replacement of Freon gas by LPG. Furthermore, it is highly soluble not only in hydrocarbon solvents such 
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Hi! „ a ' SO ' n , other or 9 anic so,vente sucn as aromatic ones, halogenated ones, ketones and esters, 
which makes it widely applicable. For example, the film-forming resin of the present invention is available as 
a surface treatment agent for natural or synthetic leather, rubber, plastics and glass to thereby impart an 
exce lent texture, luster and gloss to these substrates. Further, it can impart, for example, a defogging and 
antistatic effect, when the composition is appropriately selected. It is also available in manicuring, since it 
shows a good adhesion to protein materials such as nail or skin. It is particularly noted that the film-forming 
resin of the present invention wherein the tertiary amino group is neutralized can be made water-soluble 
Thus it can be readily removed by simply washing with water. Thus the film-forming resin of the present 
invention can be applied to various purposes by appropriately selecting the composition thereof 

The hair dressing composition of the present invention sustains an excellent setting effect and set- 
retention not only under common conditions but also under highly humid conditions. Further it can be 
readily washed away with a shampoo. Furthermore, it gives an excellent texture after spraying 

To further illustrate the present invention, and not by way of limitation, the following Synthetic Examples 
on the film- forming resin and Examples on the hair dressing composition will be given. Unless otherwise 
indicated, all parts, ratios and percents are by weight. 



SYNTHETIC EXAMPLES 1 to 12 



100 parts of ethanol was introduced into a four-neck flask provided with a reflux condenser, dropping 
funnels, a thermometer, a nitrogen inlet and a stirrer and heated therein to 60 * C. Next, a monomer solution 
comprising 100 parts of a monomer mixture and 200 parts of ethanol optionally together with water and an 
initiator solut.on prepared by dissolving an initiator in 33 parts of ethanol were simultaneously added 
dropwise thereto within 1.5 hour under a nitrogen atmosphere. The resulting mixture was allowed to react 
under the temperature of 60 C while stirring for additional 8 hours. After the polymerization, the product 
was purified by reprecipitating in water and dried under reduced pressure (20 mmHg) at 80 * C for 12 
hours The polymer thus obtained was in the form of a pale yellow solid. The weight-average molecular 
weight of the polymer of Synthetic Example 1 was 104.300 (in terms of GPC : polystyrene in a 
etrahydrofuran solution). The weight-average molecular weights of the polymers of Synthetic Examples 2 to 
12 ranged from 60.000 to 160.000. Table 1 shows the monomer composition of each polymer 
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Example 1 

s 

1 .5 parts of the copolymer obtained in Synthetic Example 1 was dissolved in 32.988 parts of absolute 
*r--ethanol. 0.062 part of glycolic acid, 0.3 part of an oil (dimethyl polysiloxane) and 0.15 part of a perfume 
were added thereto. The obtained solution was introduced into an aerosol container and 56.55 parts of 
/o Freon gas and 8.45 parts of LPG were pressed therein so as to give an aerosol composition. 



Examples 2 to 10 



The procedure of Example 1 was repeated with the use of the components specified in Table 2 to 
thereby give an aerosol composition. 
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Example 11 

The following components were mixed to thereby give a hair set lotion: 
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(% by 




weight) 


copolymer of Synthetic Example 1 


2.0 


polyether-denatured silicone 


1.0 


lactic acid 


0.12 


ethanol 


86.38 


purified water 


10.0 


perfume 


0.5 


Total 


100.0 
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Example 12 

The following components were mixed to thereby give a hair shampoo: 



30 




(% by 
weight) 


35 


laurylpolyoxyethylene sulfate triethanolamine salt (40 % aqueous solution) 

lauroyldiethanolamide 

polyethylene glycol 

copolymer of Synthetic Example 2 

lactic acid 


32.0 
4.0 
1.0 
1.0 
0.11 

61 .39 
0.5 




purified water 
perfume 


40 


Total 


100.0 
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Example 13 

The following components were mixed to thereby give a hair set jell: 
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(% by 
weight) 


copolymer of Synthetic Example 2 


2.0 


lactic acid 


0.1 


purified water 


80.0 


Carbopol 940 


0.5 


triethanolarnine 


0.5 


ethanol 


16.7 


perfume 


0.2 


Total 


100.0 



Example 14 

The following components were mixed to thereby give a hair set foam: 



Stock solution: 






(% by 




weight) 


copolymer of Synthetic Example 1 


3.0 


polyoxyethylene hexadecyl ether 


0.5 


polyether-denatured silicone 


1.5 


ethanol 


10.0 


purified water 


84.65 


perfume 


0.2 


lactic acid 


0.15 


Total 


100.0 


Propellant: LPG 100 % 

Stock solution/Propellant = 90/10. 



Example 15 

The following components were mixed to thereby give a hair rinse: 





(% by 
weight) 


copolymer of Synthetic Example 1 


1.0 


glycolic acid 


0.04 


stearyltrimethylammonium chloride 


2.0 


cetyl alcohol 


2.0 


purified water 


94.76 


perfume 


0.2 


Total 


100.0 
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Example 16 
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(1) Set-retention 

cm) ITaS !oT : ILTi """"l 1 - 5 * m0is,en "* «"«< ■ '«•> *««w*n 2 
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(2) Compatibility of film-forming resin with propellant 

d,SS0,Vin9 3 neUtraH2in9 •*> to Ottan .J 

So a^«2lToi?rSS^ t? SOlUt, ° nS in ethan0L EaCh so,ution thus ° btein ^ was .ntroouced 

Mm forn^^o ° £1. he " 3 pr °P e,,ant < Lp G) «as pressed therein and the compatibly of the 

wS obT^ed 9 Pr0Pe " ant W3S eVa,Uat8d b3Sed °" the amou "t of the LPG when a preap,^ 

Table 3 shows the results. 
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TABLE 3 





Synthetic Example 




1 


2 


3 


Marketed 
Product A 


Compatibility 


0 


o 


0 


X 



o: Good (200 % by weight or more based on 
the ethanol solution). 

A : Moderate (100 to 200 % by weight based 
thereon). 

x : Poor (less than 200 % by weight based 
thereon). 
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(3) Evaluation of texture 

were^vaSed Pray * ' ** °" e A Were Sprayed onto a ™9 «d the textures 

Table 4 shows the results. 
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TABLE 4 





Example 1 


Marketed 
Product 1 


General evaluation 


A 


D 


Smoothness 


B 


C 


Coarseness 


B 


D 


Setting 


B 


0 


Set-retention under humid condition 


A 


E 


Easiness in washing away 


B 


C 


Criteria: 


A : Very good. 






B : Good. 






C : Moderate. 






D : Somewhat poor. 






E : Poor. 
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Claims 

25 

1. A film-forming resin which is a copolymer comprising the following monomers (a) to (d): 

(a) 30 to 80 % by weight of a (meth)acrylamide monomer represented by the following formula ill 

30 ^ 

CH 2 =C R 2 (I) 

\ / 
C-N 

I \ 3 
O R 



wherein R 1 represents a hydrogen atom or a methyl group; and 

R 2 and R 3 may be either the same or different from each other and each represents a hydrogen atom or an 
alkyl group having 4 to 12 carbon atoms, or R 2 and R 3 form a ring together with the adjacent nitrogen atom; 
(b) 5 to 45 % by weight of a (meth)acrylate monomer represented by the following formula (II): 

R 1 

/ 

CH 2 =C (II) 
\ 

C-O-R* 
1 

50 O 



wherein R 1 is as defined above; and R 4 represents an alkyl group having 1 to 4 carbon atoms; 

(c) 2 to 30 % by weight of a (meth)acrylate monomer and/or a (meth)acrylamide monomer having a 
ss tertiary amino group represented by the following formula (III): 
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(III) 



70 



T^Z 1** 3l ?r : RS repr6Sent$ a " a ' ky,ene 9roup havi "9 2 ° r 3 c **°" atoms: 

group; and ^ " fr0m ° ther and each represents 3 meth V' or an 

a is an integer of 0 or 1; 
and 

(d) 0 to 30 % by weight of a (meth)acrylate monomer represented by the following formula (IV): 
R 1 

/ 

CH 2 =C 

f-f-OR 8 -)T ( — OR* — )-j OR 1 0 ( IV } 

I 

O 



wherein R 1 is as defined above; 

Zo^ll^TT fr ° m t eaCh ° th9r 8aCh re P resents a " Xylene group having 2 to 4 carbon atoms; 
h ,u represents a hydrogen atom or a methyl group; and 

30 b "!? ^TV^ a " inte9er ° f ° t0 5 °' Provided b and c « n« 0 * the same time. 

said form,ng / e I s '" as c ' aimed in c' a ''m 1. wherein at least 50 % of the tertiary amino groups of 

said copolymer are neutralized with an inorganic or organic acid. 

3. A hair dressing composition containing a film-forming resin as claimed in claim 1 

4. A hair dressing composition containing a film-forming resin as claimed in claim 2 
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